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OPERATING METHOD FOR MEMORY UNIT 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation-in-part of and 
claims the priority benefit of U.S. application Ser. No. 12/633, 
780, filed on Dec. 8, 2009, and the U.S. application Ser. No. 
12/633,780 claims the priority benefit of U.S. provisional 
application Ser. No. 61/230,099, filed on Jul. 30, 2009. The 
entirety of each of the above-mentioned patent applications is 
hereby incorporated by reference herein and made a part of 
this specification. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003) The invention generally relates to an operating 
method for a memory unit, in particular, to an operating 
method for a non-volatile memory unit. 
0004 2. Description of Related Art 
0005) A non-volatile memory is a type of memory that 
retains information it stores even when no power is supplied 
to memory blocks thereof. The non-volatile memory may be 
classified into a read only memory (ROM), a one time pro 
gramming ROM (OTP ROM), and a memory for multiple 
read and programming. Besides, as the fabrication process 
improves, the non-volatile memory could be implemented 
with the same process as a complementary metal oxide semi 
conductor (CMOS) device. 
0006. As the OTP ROM described above, the OTP ROM 
may be classified into a fuse type and an anti-fuse type. The 
fuse type OTP ROM is short before the fuse type OTP ROM 
is programmed, and it becomes open after being pro 
grammed. In the contrary, the anti-fuse type OTP ROM is 
open before being programmed, and it becomes short after 
being programmed. Besides, based on the fabrication process 
characteristic of the metal oxide semiconductor (MOS) 
device, the anti-fuse OTP ROM is fit to be implemented with 
the CMOS fabrication process. 
0007 Besides, a programming operation of the OTPROM 
unit is based on the breakdown of the oxide layer of the gate 
to form a permanent conductance channel. Furthermore, the 
formed location of the permanent conductance channel will 
change with the variation of the processes. Therefore, an 
operating method of the OTPROMunit now usually results in 
erroneous judgments and higher power consumption because 
of the different formed location of the conductance channel. 

SUMMARY OF THE INVENTION 

0008 Accordingly, the present invention is directed to an 
operating method for a one time programming memory unit 
to increase the success probability of the programming opera 
tion, and further to decrease the power consumption of the 
memory unit while reading. 
0009. The present invention provides an operating method 
for a memory unit. The memory unit includes a well region, a 
Select gate, a first gate, a second gate, an oxide nitride spacer, 
a first diffusion region, and a second diffusion region. The 
well region includes an active region. The select gate is 
formed fully on the active region. The first gate and the second 
gate are formed partially on the active region at a first side of 
the select gate. The oxide nitride spacer is filled between the 
first gate and the second gate. The first diffusion region is 
formed at the first side of the select gate, and the second 
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diffusion region is formed at a second side of the select gate. 
The operating method for the memory unit includes the fol 
lowing steps: during a programming operation, coupling a 
breakdown Voltage to the second diffusion region through a 
first channel region formed under the select gate, and apply 
ing a programming Voltage to the first gate and the second 
gate sequentially or simultaneously to rupture a first oxide 
layer and a second oxide layer, wherein the first oxide layer is 
disposed between the first gate and the well region, and the 
second oxide layer is disposed between the second gate and 
the well region. 
I0010. According to an embodiment of the present inven 
tion, the step of coupling the breakdown voltage to the second 
diffusion region through the first channel region, which is 
formed under the select gate includes the following steps: 
applying a first word line voltage to the select gate to form the 
first channel region, and applying a bit line voltage to the first 
diffusion region. 
I0011. According to an embodiment of the present inven 
tion, the step of applying the programming Voltage to the first 
gate and the second gate sequentially includes the following 
steps: during a first period of the programming operation, 
applying the programming voltage to the first gate and float 
ing the second gate, and during a second period of the pro 
gramming operation, applying the programming voltage to 
the second gate and floating the first gate. 
(0012. According to an embodiment of the present inven 
tion, the operating method for the memory unit further 
includes the following steps: during a first period of a read 
operation, reading a first current through a second channel 
region under the select gate and the first gate and determining 
a state of the memory unit according to the first current, and 
during a second period of the read operation, reading a second 
current through a third channel region under the select gate 
and the second gate and determining the state of the memory 
unit according to the second current. 
I0013. According to an embodiment of the present inven 
tion, the step of reading the first current through the second 
channel region under the select gate and the first gate includes 
the following steps: applying a bit line voltage to the first 
diffusion region, applying a second word line voltage to the 
Select gate, and applying a reading voltage to the first gate. 
I0014) According to an embodiment of the present inven 
tion, the step of reading the second current through the third 
channel region under the select gate and the second gate 
includes the following steps: applying a bit line voltage to the 
first diffusion region, applying a second word line voltage to 
the select gate, and applying a reading voltage to the second 
gate. 
I0015. As described above, the present invention operates 
one time programming by rupturing an oxide layer. In addi 
tion, the invention may rupture two oxide layers sequentially 
or simultaneously, so two memory cells may be used to store 
a state of a memory unit. Then, the invention increases the 
Success probability of the programming operation of the 
memory unit, and decreases the erroneous judgments of the 
read operation of the memory unit. 
(0016. Thus, the invention increases the success probabil 
ity of programming operation, decreases the power consump 
tion of read operation, and determines the state of the memory 
unit during a period of read operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017. The accompanying drawings are included to pro 
vide a further understanding of the invention, and are incor 
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porated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, 
together with the description, serve to explain the principles 
of the invention. 
0018 FIG. 1 is a diagram of a complimentary metal-ox 
ide-semiconductor non-volatile memory cell according to 
one embodiment of the present invention. 
0019 FIG. 2 is a cross-sectional diagram of the CMOS 
non-volatile memory cell along line 4-4 of FIG. 1 in program 
mode. 
0020 FIG. 3 is a diagram of the CMOS non-volatile 
memory cell of FIG. 2 in erase mode. 
0021 FIG. 4 is a diagram of a complimentary metal-ox 
ide-semiconductor non-volatile memory cell showing side 
wall spacers. 
0022 FIG. 5 is a diagram of a complimentary metal-ox 
ide-semiconductor non-volatile memory cell according to 
another embodiment of the present invention. 
0023 FIG. 6 is a diagram of an array of complimentary 
metal-oxide-semiconductor non-volatile memory cells 
according to an embodiment of the present invention. 
0024 FIG. 7 shows a schematic profile of an OTP ROM 
unit. 
0025 FIG. 8 shows another schematic profile of an OTP 
ROM unit. 
0026 FIG. 9 is a non-volatile memory unit according to 
another embodiment of the invention. 
0027 FIG. 10 is the equivalent circuit of the non-volatile 
memory unit 900. 
0028 FIG. 11A shows the flow chart of the programming 
method of the non-volatile memory unit 900 according to an 
embodiment of the invention. 
0029 FIG. 11B shows the schematic profile of the non 
volatile memory unit 900 along the line A-A". 
0030 FIG. 12A shows the flow chat of the read method of 
the non-volatile memory unit according to an embodiment of 
the invention. 
0031 FIG. 12B shows another schematic profile of the 
non-volatile memory unit 900 along the line A-A". 

DESCRIPTION OF THE EMBODIMENTS 

0032 Reference will now be made in detail to the present 
embodiments of the invention, examples of which are illus 
trated in the accompanying drawings. Wherever possible, the 
same reference numbers are used in the drawings and the 
description to refer to the same or like parts. 
0033 Please refer to FIG. 1, which is a diagram of a 
complimentary metal-oxide-semiconductor (CMOS) non 
volatile memory cell 300 (hereinafter “the memory cell300) 
according to one embodiment of the present invention. The 
memory cell 300 may be formed over an active region 315 in 
a P-well region 310 of a substrate. Although P-well topology 
CMOS is described, the embodiments described herein are 
also suitable for application to N-well topology CMOS. A 
first N+ diffusion region 311-1 may be formed under a first 
polysilicon gate 313-1, and a second N-- diffusion region may 
be formed under a second polysilicon gate 313-2 and a third 
polysilicon gate 313-3. 
0034. The second polysilicon gate 313-2 and the third 
polysilicon gate 313-3 may be formed a first distance apart 
from each other. Further, the second polysilicon gate 313-2 
and the third polysilicon gate 313-3 may both be formed a 
second distance apart from the first polysilicon gate 313-1. 
The first distance and the second distance may be of sizes 
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suitable for forming self-aligning nitride (SAN) layers in a 
space between the first, second, and third polysilicon gates 
313-1, 313-2, 313-3. 
0035 Contacts 316-1 and 316-2 may be formed in the 
active region 315 over the diffusion regions 311-1 and 311-2, 
respectively, for charging the diffusion regions 311-1, 311-2 
with voltage signals applied to the contacts 316-1, 316-2. A 
lightly-doped drain (LDD) block region or a source/drain 
extension (SDE) region may also be formed in and Surround 
ing a region of the Substrate over which the first, second, and 
third polysilicon gates 313-1,313-2,313-3 and the SAN layer 
314 are formed. 

0036 Please refer to FIG. 2, which is a cross-sectional 
diagram of the CMOS non-volatile memory cell 300 along 
line 4-4 of FIG. 1. FIG. 2 shows the memory cell 300 in 
program mode. A first oxide layer 320 may be formed 
between the first polysilicon gate 313-1. In program mode, 
for an N-type MOSFET, a gate voltage of approximately a 
threshold voltage V of the memory cell300 may be applied 
to the polysilicon gate 313-1, a high Voltage may be applied to 
the diffusion region 311-2 (“second diffusion region'), and 
the diffusion region 311-1 (“first diffusion region’’) may be 
grounded. In this way, channel hot electrons may travel from 
the first diffusion region 311-1 through a channel region 
formed between the toward the second diffusion region 311 
2. Likewise, holes may travel from the second diffusion 
region 311-2 toward the P-well 310. The channel hot elec 
trons may be injected into the SAN layer 314 through a 
second oxide layer 321 formed between the SAN layer 314 
and the substrate. 
0037 Addition of the second and third polysilicon gates 
313-2, 313-3 may couple high voltage to sidewall spacers 
317-1,317-2,317-3 (see FIG. 4) adjacent the SAN layer 314, 
which may greatly enhance channel hot electron injection 
efficiency. The sidewall spacers 317-1, 317-2, 317-3 may be 
formed of oxide grown on the Substrate and the second and 
third polysilicon gates 313-2, 313-3. Further, the peak chan 
nel hot electron injection may be shifted to an edge of the 
second diffusion region 311-2 under the SAN layer 314, and 
current density may be enhanced by applying Voltage to the 
second and third polysilicon gates 313-2, 313-3. 
0038 Please refer to FIG. 3, which is a diagram of the 
CMOS non-volatile memory cell300 of FIG.2 in erase mode. 
Band-to-band tunneling hot hole (BBHH) injection may be 
utilized to erase the memory cell 300. As shown in FIG. 3, a 
low voltage, e.g. <0 Volts, may be applied to the first poly 
silicon gate 313-1, and a SAN layer voltage VN, e.g. <OVolts, 
may be coupled to the sidewall spacers 317-1, 317-2, 317-3 
next to the SAN layer 314 by the second and third polysilicon 
gates 313-2, 313-3. A high voltage may be applied to the 
second diffusion region 311-2. 
0039. In this way, BBHH injection may occur, such that 
hot holes may travel from the second diffusion region 311-2 
to the SAN layer 314 through the oxide layer 321. Likewise, 
electrons may travel toward the P-well 310 due to the low 
voltage coupled through the sidewall spacers 317-1, 317-2. 
317-3 by the second and third polysilicon gates 313-2, 313-3. 
Thus, hot hole injection current may be enhanced due to an 
external vertical electric field in the sidewall spacers 317-1, 
317-2, 317-3 induced through the second and third polysili 
congates 313-2, 313-3. 
0040 Thus, it can be seen that through addition of the 
second and third polysilicon gates 313-2, 313-3, the memory 
cell 300 has enhanced current density in both program and 
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erase modes, which improves performance of the memory 
cell 300 over the prior art. Further, in simulation, the memory 
cell 300 exhibits an acceptable program/erase window under 
2 Volts operation. 
0041. Please refer to FIG. 5, which is a diagram of a 
complimentary metal-oxide-semiconductor non-volatile 
memory cell 700 (hereinafter “the memory cell 700) accord 
ing to another embodiment of the present invention. The 
memory cell 700 may be formed over an active region 715 in 
a P-well region 710 of a substrate. A first N+ diffusion region 
711-1 may beformed under a first polysilicon gate 713-1, and 
a second N-- diffusion region may be formed under a second 
polysilicon gate 713-2 and a third polysilicon gate 713-3. 
0042. The second polysilicon gate 713-2 and the third 
polysilicon gate 713-3 may be formed a first distance apart 
from each other. Further, the second polysilicon gate 713-2 
and the third polysilicon gate 713-3 may both be formed a 
second distance apart from the first polysilicon gate 713-1. 
The second distance and the first distance may be measured 
along perpendicular axes. The first polysilicon gate 713-1 
may be wider than the second and third polysilicon gates 
713-2, 713-3. The first distance may be of a size suitable for 
forming a self-aligning nitride (SAN) layer 714 in a space 
between the second and third polysilicon gates 713-2, 713-3, 
and the second distance may be of a size Suitable for not 
forming an SAN layer between the first polysilicon gate 
713-1 and the second and third polysilicon gates 713-2, 713 
3 

0043. For example, in a 90 nm/65 nm node, a range of 20 
nm to 200 nm of separation between the second and third 
polysilicon gates 713-2, 713-3 may allow formation of a 
charge storage layer 714, e.g. the SAN layer, in the space 
between the second and third polysilicon gates 713-2, 713-3. 
Contacts 716-1 and 716-2 may beformed in the active region 
715 over the diffusion regions 711-1 and 711-2, respectively, 
for charging the diffusion regions 711-1, 711-2 with voltage 
signals applied to the contacts 716-1, 716-2. 
0044 Please refer to FIG. 6, which is a diagram of an array 
800 of complimentary metal-oxide-semiconductor non-vola 
tile memory cells according to an embodiment of the present 
invention. The array of memory cells 800 may be considered 
a logical NAND type array comprising a plurality of memory 
cells in a memory string. Each memory string may comprise 
a plurality of memory cells as shown in FIG. 6. 
0045. The memory cells 800 may beformed over an active 
region 815 in a P-well region 810 of a substrate. As shown in 
FIG. 6, a total number N memory cells may be formed. A first 
N+ diffusion region 811-1 may be formed under a first poly 
silicon gate 813-1. A second N+ diffusion region 811-2 may 
be formed under the first polysilicon gate 813-1 and second 
and third polysilicon gates 813-21, 813-31. A third N+ 
diffusion region 811-3 may be formed under the second and 
third polysilicon gates 813-21, 813-31 and under fourth 
and fifth polysilicon gates 813-22, 813-32. A fourth N+ 
diffusion region 811-4 may be formed under sixth and sev 
enth polysilicon gates 813-2N, 813-3 N. 
0046. To form a continuous channel between the first N+ 
diffusion region 811-1 and the fourth N+ diffusion region 
811-4, each charge storage layer 8141, 8142). . . . .814N 
may store charges, e.g. electrons. If one or more of the charge 
storage layers 8141, 8142). . . . .814N does not store 
charges, current may not pass from the first N+ diffusion 
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region 811-1 to the fourth N+ diffusion region 811-4. Thus, 
NAND-type operation may be achieved through use of the 
architecture shown in FIG. 6. 

0047. The second polysilicon gate 813-21 and the third 
polysilicon gate 813-31 may beformed a first distance apart 
from each other. Further, the second polysilicon gate 813-21 
and the third polysilicon gate 813-31 may both beformed a 
second distance apart from the first polysilicon gate 813-1. 
The fourth polysilicon gate 813-22 and the fifth polysilicon 
gate 813-32 may be formed the first distance apart from 
each other. The fourth polysilicon gate 813-22 may be 
formed a third distance apart from the second polysilicon gate 
813-21. The fifth polysilicon gate 813-32 may be formed 
the third distance apart from the third polysilicon gate 813-3 
1. 
0048. The third distance may be the same as the second 
distance. The first distance may be of a size suitable for 
forming the self-aligning nitride (SAN) layers 8141, 814 
2. . . . .814N in spaces between the second and third 
polysilicon gates 813-21, 813-31, fourth and fifth poly 
silicon gates 813-22, 813-32, through the sixth and sev 
enth polysilicon gates 813-2N, 813-3N. The second dis 
tance may be of a size suitable for not forming an SAN layer 
between the first polysilicon gate 813-1 and the second and 
third polysilicon gates 813-21, 813-31. 
0049. The third distance may be of a size suitable for not 
forming an SAN layer between the second and third polysili 
congates 813-11, 813-31 and the fourth and fifth polysili 
congates 813-22, 813-32, respectively. For example, in a 
90 nm/65 nm node, a range of 20 nm to 200 nm of separation 
between the second and third polysilicon gates 813-21. 
813-31 may allow formation of a charge storage layer 814 
1, e.g. the SAN layer, in the space between the second and 
third polysilicon gates 813-21, 813-31. Contacts 816-1 
and 816-2 may be formed in the active region 815 over the 
diffusion regions 811-1 and 811-4, respectively, for charging 
the diffusion regions 811-1, 811-4 with voltage signals 
applied to the contacts 816-1, 816-2. 
0050. The above description of FIG. 6 relates to a NAND 
type array configuration. A NOR-type array configuration is 
also described herein as follows. A NOR-type array may 
comprise a plurality of memory cells, each configured as the 
memory cell 300 or the memory cell 700. Taking the memory 
cell 700 as an example, each first diffusion region 711-1 may 
be electrically connected to other first diffusion regions 711-1 
of other memory cells of the NOR-type array, and each sec 
ond diffusion region 711-2 may be electrically connected to 
other second diffusion regions 711-2 of the other memory 
cells of the NOR-type array. 
0051. In such a configuration, if one or more charge stor 
age layers 714 corresponding to one or more memory cells of 
the NOR-type array is charged, forming one or more channels 
from the first diffusion region 711-1 to the second diffusion 
region 711-2 of the one or more memory cells, current may 
travel through the channel from the first diffusion region 
711-1 to the second diffusion region 711-2. Thus, logical 
NOR-type operation may be accomplished in the NOR-type 
array. 

0.052 The embodiments described above utilize a charge 
storage layer of a non-volatile memory unit to store charges. 
Then, a memory unit for multiple read and multiple program 
ming is implemented. However, the charge storage method of 



US 2012/0134205 A1 

the non-volatile memory unit may be changed through a 
different operation to implement a one time programming 
memory unit practically. 
0053 Before describing the one time programming, a 
formed location of a conductance channel is first described 
below. FIG. 7 shows a schematic profile of an OTPROMunit. 
Please refer to FIG. 7. The OTP ROM unit 100 includes a 
substrate 110, a Pwell region 120, N+ diffusion regions 130-1 
and 130-2, N type light doped regions 140-1-140-3, sidewall 
spacers 150-1-150-3, a first poly gate 160-1, a second poly 
gate 160-2, and a doped region 170. Forrestraining the short 
channel effect, the doped region 170 is formed near the N type 
light doped region 140-3. Besides, as shown in FIG. 7, the 
programming operation of the OTPROMunit 100 is based on 
the breakdown of the oxide layer of the gate to form a per 
manent conductance channel 181, wherein the conductance 
channel 181 is disposed between the second poly gate 160-2 
and the P well region 120. Herein, the conductance channel 
181 in this location is an ideal breakdown region. 
0054 Nevertheless, in a practical operation as shown in 
FIG. 8, the conductance channel may be formed in the loca 
tion marked the number 182 and 183 which represent two 
kind of non-ideal states. Herein, in the first non-ideal state, the 
conductance channel 182 locates between the second poly 
gate 160-2 and the doped region 170. In addition, compared to 
the conductance channel 181, the conductance channel 182 
includes higher impedance. Therefore, a tail bit occurs easily 
while reading the OTP ROM unit. Moreover, in the second 
non-ideal state, the conductance channel 183 is formed 
between the second poly gate 160-2 and the N type light 
doped region 140-3. Besides, compared to the conductance 
channel 181, conductance channel 183 includes lower imped 
ance, so it easily couples to a bit line and cause a higher 
electrical current while reading the OTP ROM unit. 
0055 To solve the above-mentioned problem, the inven 
tion employs two memory cells to store a state of a memory 
unit so as to decreases the erroneous judgments of the read 
operation of the memory unit. Take the non-volatile memory 
unit 800 as shown in FIG. 6 as an example. If FIG. 6 is 
simplified to a memory unit, the memory unit will be imple 
mented as shown in FIG. 9. FIG. 9 is a non-volatile memory 
unit according to another embodiment of the invention. 
Please refer to FIG. 9. The non-volatile memory unit 900 
includes a well region 910, a select gate 913-1, a first gate 
913-2, a second gate 913-3, an oxide nitride spacer 914, a first 
diffusion region 911-1, a second diffusion region 911-2, a 
third diffusion region 911-3 and a contact 916. In addition, the 
well region 910 includes an active region 915. Wherein, the 
arrangement of location that the oxide nitride spacer 914 is 
relative to the gates 913-2 and 913-3 is similar to the arrange 
ment of location that the charge storage layer 8141 is rela 
tive to the gates 813-21 and813-31 in FIG. 6. For example, 
the oxide nitride spacer 914 may be filled between the first 
gate 913-2 and the second gate 913-3. 
0056. As a further view of a layout construction, the select 
gate 913-1 is fully formed on the active region 915. The first 
gate 913-2 and the second gate 913-3 are partially and indi 
vidually formed on the active region 915, and the first gate 
913-2 and the second gate 913-3 are disposed at a first side of 
the select gate 913-1. The first diffusion region 911-1 is 
disposed at the first side of the select gate 913-1, and the 
second diffusion region 911-2 is disposed at a second side of 
the select gate 913-1. In other words, the first diffusion region 
911-1 and the second diffusion region 911-2 are disposed at 
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two sides opposite in the select gate 913-1. Similarly, the 
second diffusion region 911-2 and the third diffusion region 
911-3 are disposed at two sides opposite in the first gate 913-2 
and the second gate 913-3. The contact 916 is formed above 
the active region 915 on the first diffusion region 911-1. 
0057 The equivalent circuit of the non-volatile memory 
unit 900 as described in FIG.9 is displayed in FIG. 10. Please 
refer to FIG.9 and FIG. 10. Herein, the first diffusion region 
911-1 and the second diffusion region 911-2 are formed indi 
vidually at two sides of the select gate 913-1. Therefore, a 
select transistor MS is formed equivalently. Similarly, the first 
gate 913-2 and the second gate 913-3 are both formed 
between the second diffusion region 911-2 and the third dif 
fusion region 911-3. Thus, two memory cells MC1 and MC2 
which are connected in parallel are formed equivalently. Spe 
cifically, the non-volatile memory unit 900 includes a select 
transistor MS, a first memory cell MC1, and a second memory 
cell MC2. The source end of the select transistor MS is elec 
trically connected to the drain ends of the first memory cell 
MC1 and the second memory cell MC2. Additionally, the 
source end of the first memory cell MC1 is electrically con 
nected to the source end of the second memory cell MC2. 
0058 Besides, the drain end of the select transistor MS is 
electrically connected to a bit line BL, and the gate end of the 
select transistor MS is electrically connected to a word line 
WL. In addition, the gate end of the first memory cell MC1 is 
electrically connected to the first line PL1, and the gate end of 
the second memory cell MC2 is electrically connected to the 
second line PL2. Thus, reading and programming the non 
volatile memory unit 900 are operated through the voltages 
from the bit line BL, the word line WL, the first line PL1, and 
the second line PL2. 
0059 FIG. 11A shows the flow chart of the programming 
method of the non-volatile memory unit 900 according to an 
embodiment of the invention. Please refer to FIG.9, FIG. 10, 
and FIG. 11A about the detail flow when programming the 
non-volatile memory unit 900. Firstly, as shown in step S110, 
coupling a breakdown Voltage to the second diffusion region 
through a first channel region formed under the select gate. 
0060 For example, FIG. 11B shows the schematic profile 
of the non-volatile memory unit 900 along the line A-A. 
Please refer to FIG. 10 and FIG. 11B, the first word line 
voltage Vw 1 is applied to the gate end of the select transistor 
MS through the word line WL to apply the first word line 
voltage Vw 1 to the select gate 913-1. Besides, a bit line 
voltage Vb is applied to the drain end of the select transistor 
MS through the bit line BL, i.e applying the bit line voltage 
Vb to the first diffusion region 911-1. Then, the first channel 
region 1101 is formed under the select gate 913-1, and a 
breakdown voltage is hence coupled to the second diffusion 
region 911-2. In other words, the detail flow of step S110 
includes the following steps: applying a first word line Volt 
age to the select gate to form the first channel region (step 
S111) and applying a bit line voltage to the first diffusion 
region (step S112). 
0061 Then, as shown in step S120, apply a programming 
Voltage to the first gate and the second gate sequentially to 
rupture a first oxide layer and a second oxide layer. For 
example, as shown in FIG. 10, during a first period of the 
programming operation, apply the programming Voltage Vp 
to the gate end of the first memory cell MC1 through the first 
line PL1, and float the gate end of the second memory cell 
MC2. Thus, the first memory cell MC1 is programmed. In the 
meantime, as shown in FIG. 11B, the first gate 913-2 is biased 
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under the programming Voltage Vp. Besides, the Voltage dif 
ference between the first gate 913-2 and the second diffusion 
region 911-2, that is, the voltage difference between the bit 
line Voltage Vb and the programming Voltage Vp causes the 
first oxide layer to be broken down, and further rupture the 
first oxide layer. Therefore, a conductance channel 1102 is 
permanently formed. Then, the bit line voltage Vb may be, for 
example, a ground Voltage. Additionally, in a better embodi 
ment, the programming Voltage Vp is twice as the first bit 
voltage Vw 1. 
0062 Similarly, as shown in FIG. 10, during a second 
period of the programming operation, the programming Volt 
age Vp is applied to the gate end of the second memory cell 
MC2 through the second line PL2 and float the gate end of the 
first memory cell MC1 to program the second memory cell 
MC2. Meanwhile, the second gate 913-3 is biased under the 
programming Voltage Vp. Besides, the Voltage difference 
between the second gate 913-3 and the second diffusion 
region 911-2 causes the second oxide layer between the sec 
ond gate 913-3 and the well region 910 to be ruptured and 
further rupture the second oxide layer. In other words, as 
described above, the detail flow of the step S120 includes the 
following steps: during a first period of the programming 
operation, applying the programming Voltage to the first gate 
and floating the second gate (step S121), and during a second 
period of the programming operation, applying the program 
ming Voltage to the second gate and floating the first gate (step 
S122). 
0063. It is noteworthy that the programming method as 
shown in FIG. 11A is to program the first memory cell MC1 
and the second memory cell MC2 individually at different 
time. However, the first memory cell MC1 and the second 
memory cell MC2 may be programmed simultaneously in 
practice. Herein, the most different part from FIG. 11A is to 
apply the programming Voltage Vp to the first gate 913-2 and 
the second gate 913-3 at the same time. Thus, the first oxide 
layer and the second oxide layer are ruptured simultaneously. 
0064. After programming the non-volatile memory unit 
900, the conductance channel is formed between the first gate 
913-2 or the second gate 913-3 and the well region 910. 
Therefore, the programmed memory cells generate lager 
electrical current than the non-programmed memory cells. In 
other words, the non-volatile memory unit may be deter 
mined by reading the electrical current of the memory cells. 
In addition, FIG. 12A shows the flow chat of the read method 
of the non-volatile memory unit according to an embodiment 
of the invention. Please refer to FIG.9, FIG. 10, and FIG.12A 
about the detail flow when reading the non-volatile memory 
unit 900. 
0065. As shown in step S210, during a first period of a read 
operation, read a first current through a second channel region 
under the select gate. For example, FIG. 12B shows another 
schematic profile of the non-volatile memory unit 900 along 
the line A-A. Please refer to FIG. 10 and FIG. 12B. Herein, 
apply a reading Voltage Vr to the gate end of the first memory 
cell MC1 through the first line PL1, and apply the bit line 
voltage Vb to the drain end of the select transistor MS, and 
apply the second word line voltage Vw2 to the gate end of the 
select transistor MS through the word line WL. 
0066. Herein, as shown in FIG. 12B, the first diffusion 
region 911-1 is applied the bit line voltage Vb, the select gate 
913-1 is applied the second word line voltage Vw2, and the 
first gate 913-2 is applied the reading voltage Vr. Then, the 
second channel region 1201 is formed under the select gate 
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913-1 and the first gate 913-2. Therefore, the first current 
1202 from the conductance channel 1102, that is, the electri 
cal current from the first memory cell MC1, may be read 
through the second channel region 1201. As mentioned 
above, the first current 1202 flows from the first gate 913-2 to 
the first diffusion region 911-1. Besides, the bit line voltage 
Vb may be, for example, a ground Voltage. Moreover, in a 
better embodiment, the reading voltage Vr is equal to the 
second word line Voltage VW2, and the programming Voltage 
Vp may be, for example, from twice to five times as the 
reading Voltage Vr. 
0067. In other words, as described above, the detail flow of 
the step S210 includes the following steps: applying the bit 
line Voltage to the first diffusion region (step S121), applying 
a second word line Voltage to the select gate (step S122), and 
applying a reading Voltage to the first gate (step S123). 
0068. When reading the first current from the first memory 
cell MC1 as shown in step S220, the state of memory unit 900 
may be determined according to the first current. Also, since 
the memory unit 900 includes two memory cells, the state of 
memory unit 900 may be determined according to the second 
current of the second memory cell MC2 as shown in step 
S230 and step S240. 
0069. According to the step S230, during the second 
period of the read operation, read the second current through 
the third channel region under the select gate and the second 
gate. For example, apply the reading Voltage Vr to the gate 
end of the second memory cell MC2, and apply the bit line 
voltage Vb to the drain gate of the select transistor MS, and 
apply the second word line voltage Vw2 to the gate end of the 
select transistor MS. 

(0070. Meanwhile, the first diffusion region 911-1 is 
applied the bit line voltage Vb, the select gate 913-1 is applied 
the second word line voltage Vw2, and the second gate 913-3 
is applied the reading voltage Vr. Thus, the third channel 
region is formed under the select gate 913-1 and the second 
gate 913-3. Therefore, the second current of the second 
memory cell MC2 may be read through the third channel 
region. In other words, as described above, the detail flow of 
step S230 includes the following steps: applying the bit line 
Voltage to the first diffusion region (step S231), applying a 
second word line voltage to the select gate (step S232), and 
applying a reading Voltage to the second gate (step S233). 
Then, in the step S240, determine the state of the memory unit 
900 according to the second current. 
0071. It should be noted that the read operation of the 
non-volatile memory described in FIG. 12A repeatedly deter 
mines the state of memory unit 900 by reading the first current 
from the second channel region and the second current from 
the third channel region respectively. However, in a real appli 
cation, the state of memory unit 900 is determined by reading 
a current from the second channel region and the third chan 
nel region at the same time. For example, when performing a 
read operation according to an embodiment of the invention, 
the first diffusion region 911-1 is applied the bit line voltage 
Vb, the select gate 913-1 is applied the second word line 
voltage Vw2, and the first gate 913-2 and the second gate 
913-3 are applied the reading voltage Vr. Thus, the second 
channel region is formed under the select gate 913-1 and the 
first gate 913-2, and the third channel region is also formed 
under the select gate 913-1 and the second gate 913-3. There 
fore, the current from the second channel region and the third 
channel region could be read and then the state of memory 
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unit 900 is determined according to the current from the 
second channel region and the third channel region. 
0072. In summary, the non-volatile memory unit also can 
be implemented as a one time programming memory unit. In 
the operation of the one time programming, the invention 
operates the one time programming through a breakdown of 
an oxide layer. In addition, when programming, two oxide 
layers are ruptured sequentially or simultaneously in the 
operation method of the invention. Therefore, two memory 
cells are used to store as one memory unit. Then, the operation 
of the invention improves the success probability when pro 
gramming the memory unit, and reduces the erroneous judge 
ments when reading the memory unit. 
0073. It will be apparent to those skilled in the art that 
various modifications and variations can be made to the struc 
ture of the invention without departing from the scope or spirit 
of the invention. In view of the foregoing, it is intended that 
the invention cover modifications and variations of this inven 
tion provided they fall within the scope of the following 
claims and their equivalents. 
What is claimed is: 
1. An operating method for a memory unit, the memory 

unit comprising a well region, a select gate, a first gate, a 
second gate, an oxide nitride spacer, a first diffusion region, 
and a second diffusion region, the well region comprising an 
active region, the select gate formed fully on the active region, 
the first gate and the second gate formed partially on the active 
region at a first side of the select gate, the oxide nitride spacer 
filled between the first gate and the second gate, the first 
diffusion region formed at the first side of the select gate, and 
the second diffusion region formed at a second side of the 
select gate, the operating method for the memory unit com 
prising: 

during a programming operation, coupling a breakdown 
Voltage to the second diffusion region through a first 
channel region formed under the select gate, and apply 
ing a programming Voltage to the first gate and the 
second gate sequentially or simultaneously to rupture a 
first oxide layer and a second oxide layer, wherein the 
first oxide layer is disposed between the first gate and the 
well region, and the second oxide layer is disposed 
between the second gate and the well region. 

2. The operating method for the memory unit as claimed in 
claim 1, wherein the step of coupling the breakdown Voltage 
to the second diffusion region through the first channel region 
formed under the select gate comprises: 

applying a first word line Voltage to the select gate to form 
the first channel region; and 

applying a bit line Voltage to the first diffusion region. 
3. The operating method for the memory unit as claimed in 

claim 1, wherein the programming Voltage is twice as the first 
word line Voltage. 

4. The operating method for the memory unit as claimed in 
claim 1, wherein the step of applying the programming Volt 
age to the first gate and the second gate sequentially com 
prises: 

during a first period of the programming operation, apply 
ing the programming Voltage to the first gate and floating 
the second gate; and 
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during a second period of the programming operation, 
applying the programming Voltage to the second gate 
and floating the first gate. 

5. The operating method for the memory unit as claimed in 
claim 1, further comprising: 

during a first period of a read operation, reading a first 
current through a second channel region under the select 
gate and the first gate and determining a state of the 
memory unit according to the first current; and 

during a second period of the read operation, reading a 
second current through a third channel region under the 
Select gate and the second gate and determining the state 
of the memory unit according to the second current. 

6. The operating method for the memory unit as claimed in 
claim 5, wherein the step of reading the first current through 
the second channel region under the select gate and the first 
gate comprises: 

applying a bit line Voltage to the first diffusion region; 
applying a second word line Voltage to the select gate; and 
applying a reading Voltage to the first gate. 
7. The operating method for the memory unit as claimed in 

claim 6, wherein the second word line Voltage is equal to the 
reading Voltage. 

8. The operating method for the memory unit as claimed in 
claim 5, wherein the step of reading the second current 
through the third channel region under the select gate and the 
second gate comprises: 

applying a bit line Voltage to the first diffusion region; 
applying a second word line Voltage to the select gate; and 
applying a reading Voltage to the second gate. 
9. The operating method for the memory unit as claimed in 

claim 8, wherein the second word line voltage is equal to the 
reading Voltage. 

10. The operating method for the memory unit as claimed 
in claim 1, further comprising: 

during a read operation, reading a current through a second 
channel region, which is under the select gate and the 
first gate, and a third channel region, which is under the 
Select gate and the second gate, and determining the state 
of the memory unit according to the current. 

11. The operating method for the memory unit as claimed 
in claim 10, wherein the step of reading the current through 
the second channel region and the third channel region com 
prises: 

applying a bit line Voltage to the first diffusion region; 
applying a second word line Voltage to the select gate; and 
applying a reading Voltage to the first gate and the second 

gate. 
12. The operating method for the memory unit as claimed 

in claim 11, wherein the second word line Voltage is equal to 
the reading Voltage. 


